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ABSTRACT 

Counting c a p a b i l i t i e s  o f  the  Bendix Corporat ion 1981 and 1984 model 
side-scanning sonar counters were compared i n  simul taneous t e s t i n g  on the  
n o r t h  bank o f  t he  Kenai R iver  i n  Ju ly ,  1986. The 1984 counter o f f e r e d  
several f ea tu res  thought t o  be advantageous f o r  more accura te ly  enumerating 
upstream mig ra t i ng  salmon t h a t  were no t  found on i t s  predecessor. These 
fea tures  inc luded v a r i a b l e  h i t  c r i t e r i a  and add i t i ona l  t r ansmi t  power. The 
new system was a l so  designed f o r  use w i thout  t he  t u b u l a r  aluminum subst ra te  
used w i t h  prev ious models. Fo r t y  hours o f  data were c o l l e c t e d  f o r  ana lys is .  
The t o t a l  count recorded by the  1984 counter exceeded t h a t  o f  t h e  1981 
counter by 4.2%. Fur ther  ana lys is  o f  t h e  da ta  i n d i c a t e d  t h a t  t he  
d i f f e rences  between pa i red  counts were no t  a  f u n c t i o n  o f  t i m i n g  o f  sampling 
o r  d e n s i t y  o f  t a rge ts .  There were d i f f e rences  i n  d i s t r i b u t i o n  o f  t a r g e t s  
from shore between t h e  two counters. These d i f f e rences  were a t t r i b u t e d  t o  
the  subs t ra te  needed f o r  t he  1981 model and t h i s  model's l a c k  o f  the  
v a r i a b l e  h i t  c r i t e r i a  fea ture .  

KEY WORDS: Pac i  f i c  salmon escapements, hydroacoust ic enumeration, 
migra tory  behavior, Upper Cook I n l e t  



INTRODUCTION 

The Kenai River drainage encompasses approximately 5200 km2 of the  western 
Kenai Peninsula, Alaska (Figure 1 ) .  Four species of Pacif ic  salmon 
(Oncorhynchus) spawn in the  r i ve r  or t r ibu ta ry  1 akes and streams, and the  
drainage i s  considered the  major producer of sockeye salmon (0. nerka) in 
Cook In le t .  Two runs of sockeye salmon occur in the  Kenai River. An ear ly  
run en te rs  the  r i ve r  from l a t e  May through mid-June bound primarily fo r  
the  clearwater t r i b u t a r i e s  of Upper Russian Lake (Figure 2 ) .  The l a t e  r u n  
en te r s  the  r i ve r  from l a t e  June through mid-August and spawns throughout 
the  system, primarily upstream of the  ou t l e t  of Skilak Lake. Since 1964, 
only the  l a t e  run of sockeye salmon has been commercially harvested. 

Total re turns  of l a t e  r u n  sockeye salmon t o  the  system regular ly  exceed one 
mill ion f i s h  and were over th ree  million f i sh  in 1982 and 1983 (Tarbox and 
Wal temyer 1985). Escapements have averaged over 500,000 f i sh  in the  5 years 
from 1982 through 1986. 

Due t o  the  glacia l  nature of the  mainstem r ive r ,  escapement enumeration 
within the  drainage was l imited t o  surveys of the  clearwater spawning areas 
p r io r  t o  1968. These surveys proved inadequate because they provided no 
information concerning the  proportion of the  escapement which spawns in the  
g l ac i a l l y  occluded waters of Kenai and Skilak Lakes and the  mainstem Kenai 
River. Effor ts  t o  manage the  commercial harvest of sockeye salmon were a lso  
hampered by the  lack of da i ly  and cumulative estimates of the  t o t a l  
escapement in to  the  r iver .  

Hydroacoustic equipment designed for  enumerating salmon in the mainstem 
r i v e r  was ins ta l l ed  a t  a location approximately 32 km upstream from the  
mouth of the  r i ve r  in 1968. Counting was accomplished with a Bendix 
Corporation mu1 t i  pl e transducer sonar (MTS) system beginning in 1968 and 
continuing through the  1977 season. Although the  MTS system appeared t o  
provide a reasonably accurate estimate of the  numbers of f i s h  passing the  
s i t e ,  i t  was extremely d i f f i c u l t  and time consuming t o  i n s t a l l  and 
re t r i eve .  This was a s ign i f ican t  problem because the un i t ' s  30 separate 
transducers resul ted in l e s s  than desired re1 iabi l  i t y  and constant 
maintenance. When transducers ceased working or  were blocked by debr is ,  
researchers had t o  extrapolate fo r  the  data l o s t  during the  repa i r  process 
or  manipulate the  data gathered t o  account fo r  l o s t  or blocked transducers. 

In 1975 a new side-scanning sonar counter developed by Bendix Corp. was 
t es ted  on the  Kenai River. This counter provided easy access t o  the  
transducer and an 18-m tubular aluminum substra te  which was r e l a t i ve ly  easy 
t o  deploy, r e t r i eve ,  and maintain (Figure 3 ) .  The side-scanning system, 
with minor modifications, has been used a t  the  Kenai sonar s i t e  since the  
1978 season. The system currently in use (1981 model) i s  bas ical ly  a 1978 
model with an upgraded pr in te r .  Results of hydroacoustic s tudies  conducted 
from 1978 through 1985 are  documented by Tarbox e t  a1 . (1981 and 1983), and 
King and Tarbox (1984, 1986 and 1987). 

Several behavioral charac te r i s t i cs  of sockeye salmon migrating past  the  
Kenai River sonar counters influence the success of enumeration. The 
majority of the  run i s  nocturnal, passing the  s i t e  primarily between 1800 



hours and 0400 hours (King and Tarbox 1986). During this period the 
migratory rate of sockeye salmon over the substrate, expressed as average 
upstream swimming speed,changes significantly. Shore orientation of 
migrating sockeye salmon can also change rapidly within a 24-h period. 
Fish typically cross the substrate within 5 m of the transducer during 
hours of darkness, and tend to move farther offshore during daylight. 
Consequently, the counters must be adjusted extensively to insure accurate 
escapement estimates. 

These results el ici ted several questions. Was this sockeye salmon 
migrational behavior induced by the substrate? Did some proportion of the 
escapement move outside the substrate and miss being counted? 

In addition, the processing criteria of the 1981 counter used to enumerate 
fish was questioned. Valid fish counts are enumerated by the processor when 
a preselected number o f  returning echoes per hydroacoustic target have been 
recorded. These 'hit criteria' are fixed for each linear sector, and fish 
may be overcounted or undercounted in any one sector depending on the 
accuracy of the hit criteria. If the criteria are incorrect and fish 
distribution across the substrate is variable, as suggested by previous 
years' data, then misleading fish distribution information could result. 

Prior to the 1984 field season, Bendix Corp. was contracted by the Alaska 
Department of Fish and Game to develop a side-scanning sonar counter with 
long range counting capabilities which did not require an artificial 
substrate. The resultant 1984 experimental counter was tested at various 
sonar sites, including the Susitna River in northern Cook Inlet where 
previous studies indicated that the distribution of fish from shore 
exceeded the counting range of the 1978 counter. All river systems selected 
for testing were suspected of having counting problems associated with fish 
response to the artificial substrate. Results of tests conducted on the 
Susi tna River are reported by King (1987) . 
By avoiding use of an artificial substrate on the Kenai River, researchers 
be1 i eved the 1984 counter results would document reduced vari abi 1 i ty in 
fish behavior and resultant time required to monitor the counting system. 
In addition, the space requirements were significantly reduced because 
cable mooring systems for the substrate were not needed. This reduced 
conflicts with adjacent land owners and river users. The abil i ty to change 
the counting criteria for each sector should also result in increased 
counting and distribution accuracy. 

Comparative testing of the 1984 model and 1981 model Bendix counters on the 
north bank of the Kenai River in 1986 included the following objectives: 

1) compare sockeye salmon escapement estimates generated from data 
provided by the 1984 model and 1981 model counters; 

2 )  compare the target distribution from shore as recorded by the two 
counters; and 

3) evaluate fish behavior relative to the artificial substrate. 



Because extensive da ta  has been c o l l e c t e d  w i t h  the  1981 counter  i n  prev ious 
years, comparison o f  the  two counters was a l so  expected t o  p rov ide  some 
measure o f  t he  degree o f  c o n t i n u i t y  i n  t he  data base which cou ld  be 
expected i f  the  1984 counter i s  used a t  t h i s  s i t e  i n  the  f u t u r e .  

METHODS 

The 1981 and 1984 model side-scanning sonar counters, as w i t h  a l l  sonar 
systems, conver t  e l e c t r i c a l  energy i n t o  acoust ica l  energy (sound waves) and 
prov ide  i n fo rma t ion  about underwater t a r g e t s  by measuring the  r e t u r n i n g  
echoes. Both count ing u n i t s  cons i s t  o f  an e l e c t r o n i c  sounder/processor, 
t ransducer  and 12-V bat te ry /so l  a r  panel power source. An osc i  11 oscope i s  
used t o  mon i to r  and c a l i b r a t e  the  system. The e f f e c t i v e  angles o f  
d e t e c t i o n  are  2" and 4". The transducer can be f i r e d  on t h e  2",  4", o r  
a1 t e r n a t e  mode. I n  t he  a1 te rna te  mode, the  transducer f i r e s  one 2" pu lse  
and accepts r e t u r n i n g  echoes from t h e  inshore one-ha l f  o f  t he  count ing 
range, fo l lowed by a  4" pu lse  w i t h  r e t u r n i n g  echoes accepted from the  
o f f sho re  one-ha l f  o f  the  count ing range. Pulse w id th  o f  t h e  t ransmi t ted  
sound wave i s  100 us  and the  frequency i s  515 kHz and 500 kHz f o r  t he  1981 
and 1984 models respec t i ve l y .  The pu lse  r e p e t i t i o n  r a t e  and power ( l e v e l  o f  
vo l  tage appl i ed t o  the  transducer) are v a r i  abl e  . 
Both sounder/processors enumerate t a r g e t s  on the  bas is  o f  r e t u r n i n g  echo 
s t reng th  (-38 deci  be1 minimum) and number o f  echoes re turned (minimum 
number o f  r e t u r n i n g  echoes from a  t a r g e t  t o  meet t he  requirements f o r  
des ignat ion  as a  f i s h ) .  The processor accumulates and p r i n t s  t h e  counts on 
tape, in 1-h i n t e r v a l s ,  f o r  each o f  t h e  l i n e a r  sectors.  Each sec tor  i s  
de f ined as one - twe l f t h  (1981 model) o r  one-s ix teenth (1984 model) o f  t he  
t o t a l  count ing  range. 

The accuracy o f  both counters i s  assessed by comparing the  r a t i o  o f  v i s u a l  
(osc i l loscope)  counts t o  processor counts. This  r a t i o  can then be used t o  
ad jus t  t h e  pu lse  r e p e t i t i o n  r a t e  o f  t he  counter.  I n  add i t i on ,  t he  h i t  
c r i t e r i a  (minimum number o f  r e t u r n i n g  echoes from a  t a r g e t  t o  meet t he  
requirements f o r  des ignat ion  as a  f i s h )  o f  t he  1984 counter  i s  ad jus tab le  
w i t h i n  each l i n e a r  sector .  

The 1981 counter  was designed f o r  use i n  con junc t ion  w i t h  an 18 m t u b u l a r  
aluminum subst ra te  (F igure 3) .  The subs t ra te  prov ides an aiming surface, 
and fo rces  f i s h  i n t o  t h e  enson i f i ed  area as they attempt t o  migra te  
upstream. The subs t ra te  r e s t s  on the  stream bottom perpendicular  t o  the  
channel ax i s .  Aiming i s  accomplished by manually ad jus t i ng  knobs attached 
t o  t h e  transducer which c o n t r o l  v e r t i c a l  and ho r i zon ta l  movement. 

The 1984 model counter i s  f i t t e d  f o r  two transducers which can be used 
i n d i v i d u a l l y  o r  a1 t e r n a t e l y  f i r e d  f o r  v a r i a b l e  t ime per iods.  A s i n g l e  
transducer was used f o r  t h i s  study, and mounted on a  t r i p o d  which al lowed 
adjustment i n  t h e  v e r t i c a l  and ho r i zon ta l  p l  anes. 

Add i t i ona l  d i f f e rences  between the  counters inc ludes a  maximum power l e v e l  
( v o l t s  peak t o  peak) f o r  the  1984 model o f  240 V as cont ras ted  t o  the  
maximum 60 V a v a i l  ab le fo r  the  1981 model. The 1984 counter a1 so inc ludes  a  



"rock inh ib i to r"  function which el iminates counts from s ta t ionary  t a rge t s  
t ha t  return a t a rge t  strength greater  than -38 decibels (dB). The blanking 
a f f ec t  has a resolution of 0.4% of the  t o t a l  counting range f o r  each 
s ta t ionary t a rge t  encountered. Fish passing through the  inhibited area are  
not counted, but a re  v i s i b l e  on the  osci1loscope t race .  

A more deta i led description of the  theory of operation of the  Bendix Corp. 
side-scanning sonar counter (pre-1984 model s )  , and description of the  
e lec t ron ic  equipment are  presented in Gaudet (1983) . Procedures fo r  
deployment and operation of the  1981 model counter are described in Bendix 
Corp. (1980). Similar information fo r  the  1984 model i s  found in Bendix 
Corp. (1984). 

The 1981 counter was deployed a t  a s i t e  on the  north bank of the  Kenai 
River o r ig ina l ly  established in 1978 (Figure 4 ) .  The counting range of the  
1984 counter was established by i n i t i a l l y  s e t t i ng  the  counting range t o  a 
maximum of 100 m ,  aiming along the  bottom, and determining the point a t  
which a cha rac t e r i s t i c  bottom t race  was no longer v i s i b l e .  This procedure 
was repeated a t  5-m in te rva l s  along the  n o r t h  bank for  approximately 50 m 
on e i t h e r  s ide  of the deployed subst ra te  t o  determine the  most su i tab le  
location fo r  deployment of the 1984 counter. The s i t e  selected was 
approximately 25 m upstream of the  substrate.  

Both transducers were deployed approximately 2 m from shore, and weirs 
which extended approximately 2 m offshore of the  transducer face were 
ins ta l  1 ed immediately downstream of each transducer, which extended 
approximately 2 m offshore of t he  transducer face. Bottom prof i l es  were 
generated f o r  each of the  counting s i t e s  using a Lorans X-15 char t  
recorder. 

A t  the  s i t e  selected fo r  deployment of the  1984 counter, the  maximum 
counting range was 24 m,  or  26 m from shore when the  2 - m  distance from the  
shore t o  the  transducer i s  included. This counting range provided an 
approximate l i n e a r  distance of 1.5 m per counting sector ,  equal t o  t ha t  
provided by the  1981 counter s e t  t o  count a t  a counting range of 18 m .  

In a l l  hourly t e s t i ng  periods, both counters used the a l t e rna t e  counting 
mode ( a l t e rna t e  2" and 4" transmissions). Only those hours in which both 
counters were cal ibra ted pr io r  t o  and within the  hour were selected fo r  
anal ys i  s . 
Analysis of counter printouts included adjustments fo r  counts in sectors  
which the  attending biologis t  f e l t  fa1 se  counts had accumulated. Generally, 
these counts were the  r e s u l t  of debris  on the  subst ra te  (1981 counter) ,  or  
s l i g h t  s h i f t s  in the tr ipod which a1 tered previously inhibited bottom 
counts (1984 counter). The procedure fo r  adjusting these counts was t o  
subs t i t u t e  an average count f o r  suspect sector  counts. The average count 
was calculated by dividing the  t o t a l  good counts in adjacent sector/hour 
blocks by t he  number of blocks. This adjustment was made f o r  12 of 480, 
1981 counter sector/hour blocks and 10 of 640, 1984 counter sector/hour 
blocks used in subsequent analyses. 

Hourly counts selected fo r  analysis  were subjected t o  Wilcoxon's signed 
rank t e s t  (Zar 1974) t o  t e s t  the  hypothesis t ha t  the  hourly f i s h  counts 



were the  same fo r  both counters. A l inear  regression analysis  was a lso  
performed t o  examine the re la t ionship  between hourly counts accumulated by 
each counter. 

The d i s t r ibu t ion  of hydroacoustic t a rge t s  from shore was determined by 
t o t a l i ng  counts by sector  f o r  a l l  hours combined. Sector t o t a l s  were 
subjected t o  chi-square analysis  t o  determine i f  reported d i s t r ibu t ion  
differences were s ign i f ican t .  

Bottom prof i l es  taken a t  the  respective counter locations are  presented in 
Figure 5. A s l i g h t  drop of the  bottom slope was measured a t  approximately 
30 m from shore in  f ron t  o f  the  1984 counter transducer. This point a lso  
marked the  end of the  counting range selected fo r  the  1984 counter since 
t a rge t s  migrating offshore of t ha t  point potent ia l ly  passed below the  beam. 
Bottom i r r e g u l a r i t i e s  which activated the rock inh ib i to r  in sector  10 
(approximately 17 m from shore) were not v i s i b l e  on bottom p ro f i l e  
echograms. 

Sector counts by hour used fo r  analysis  are presented in Tables 1 and 2 .  
Data were gathered from 21 July through 31 July when approximately 80% of 
the sockeye salmon escapement passed the  sonar s i t e .  The 64,394 
hydroacoustic t a rge t s  recorded by the  1981 counter used in the  analysis  
represented approximately 22% of the  t o t a l  t a rge t s  enumerated by the  north 
bank 1981 counter throughout the  season. The majority of the  data used fo r  
comparison o f  counters was collected from 2000 hours through 0100 hours, 
the  period when nearly 50% of the to ta l  upstream migration occurred. This 
was a l so  the period when upstream swimming speed was most var iable .  The 
67,221 t o t a l  counts recorded by the  1984 counter exceeded those of the  1981 
counter by 4.2% f o r  the  40 h of data gathered. Percent d i f ference between 
paired hourly counts ranged from 0% t o  169% (Table 3 ) .  

Paired counts fo r  the  hours documented in Tables 1 and 2 were subjected t o  
the  Wil coxon paired sample t e s t  (Zar 1984). Results are  presented in Tab1 e 
3. Since t he  calculated T (299) and T' (357) values were not l e s s  than the  
tabled T value (T,0.05(2) ,40 df = 264), the null hypothesis t ha t  the  count 
from the  1984 counter was the  same as the  1981 counter was accepted. 

The hourly counts were a lso  subjected t o  l i nea r  regression analysis  t o  
determine the  degree of corre la t ion between the  two data s e t s  (Table 4 ) .  
The cal cul ated correl  a t i  on coeff i ci  ent  ( r )  of 0.94 exceeded the  tab1 ed 
value ( P  < 0.05, 38 d f )  of approximately ,310, leading t o  re jec t ion  of the  
null hypothesis hat there  was no re la t ionship  between the  two data s e t s .  $ The calculated r value (0.87) indicates t ha t  only 13% of the  va r i ab i l i t y  
was not explained by the  regression of the count from the  1984 counter t o  
the  count from the  1981 counter. Figure 6 graphically i l l u s t r a t e s  the  t e s t  
r e su l t s ,  including the  95% confidence interval  f o r  expected values. 

Figure 7 i l l u s t r a t e s  the  counts by hour fo r  successive hours beginning 1400 
hours on 21 July.  Results indicated t h a t  differences between paired data 
were not concentrated in any portion of the  study period. Results were a lso  



examined t o  determine i f  percent  d i f f e r e n c e  between p a i r e d  da ta  were 
r e l a t e d  t o  dens i t y  o f  t a r g e t s  (F igure 8) .  It appears t h a t  d i f f e rences  i n  
pa i red  counts, expressed as percent  o f  t o t a l  count, were randomly 
d i s t r i b u t e d  w i t h  respect  t o  f i s h  dens i ty .  

The above t e s t s  and i l l u s t r a t i o n s  i nd i ca ted  t h a t  t he  t o t a l  counts recorded 
by the  1984 counter  were e s s e n t i a l l y  t he  same as those recorded by the  1981 
counter.  W i th in  the  count ing per iod,  both counters accura te ly  r e f l e c t e d  
changes i n  dens i t y  o f  f i s h  t a r g e t s  between successive hours, and desp i te  
the  l a r g e  v a r i a t i o n  w i t h i n  each data  set ,  t he re  was a h igh  degree o f  
c o r r e l a t i o n  between the  two data sets.  Fur ther  ana lys i s  o f  t he  da ta  
i n d i c a t e d  t h a t  t he  degree o f  d i f f e r e n c e  between pa i red  counts was n o t  a 
f u n c t i o n  o f  t i m i n g  o f  sampling, o r  dens i t y  o f  t a rge ts .  

Data were a l so  examined r e l a t i v e  t o  d i s t r i b u t i o n  o f  t a r g e t s  from shore and 
whether t h e  d i s t r i b u t i o n  o f  enumerated ta rge ts  accura te ly  r e f l e c t e d  the  
d i s t r i b u t i o n  o f  f i s h  from shore. F ish  m ig ra t i ng  nearshore were pushed 
of fshore 4 m by the  we i r  d i r e c t l y  downstream o f  each counter.  These f i s h  
were, however, o n l y  p a r t i a l l y  hindered from en te r i ng  the  beam i n  Sector 1 
and were unaf fec ted  i n  terms o f  passage w i t h i n  the  remaining sectors.  
Assuming no o the r  in f luences on upstream mig ra t i on  p a t t e r n  and s ince both 
transducers were a t  approximately equal d i  stances from shore and 1 i near 
count ing  sec tors  were o f  approximately equal length ,  d i s t r i b u t i o n  should 
have been r e l a t i v e l y  equal past  both counters. 

Tables 1 and 2 and Figure 9 d e t a i l  d i f f e rences  i n  d i s t r i b u t i o n  o f  t a r g e t s  
from shore f o r  t he  two counters. Near ly  a l l  (99.1%) o f  t he  t a r g e t s  recorded 
by t h e  1984 counter  were w i t h i n  6.8 m from shore. I n  cont ras t ,  78.6% o f  t he  
t a r g e t s  were recorded by the  1981 counter w i t h i n  the  same d is tance from 
shore. Counts from Sectors 1 through 4 o f  each counter were analyzed u s i n  
the  chi -square cont ingency t a b l e  (Table 5), r e s u l t i n g  i n  a ca l cu la ted  X 9 
value o f  31,916. Since the  ca l cu la ted  value g r e a t l y  exceeded t h e  tab led  
value (x2,  alpha = 0.05, 3 d f  = 7.81), t he  n u l l  hypothesis t h a t  t he  
p ropo r t i on  o f  t a r g e t s  by count ing sec tor  was independent o f  counter  type 
was re jec ted .  These data  suggest t h a t  some p ropo r t i on  o f  t he  escapement 
reacted t o  t h e  presence o f  t h e  s t r u c t u r e  by moving o f f sho re  and c ross ing  
the  subs t ra te  i n  deeper water. 

The ex ten t  o f  d i f f e r e n c e  i n  d i s t r i b u t i o n  o f  t a r g e t s  recorded by the  two 
counters may have been masked by the  f i x e d  h i t  c r i t e r i a  used i n  processing 
s igna ls  w i t h  t h e  1981 counter (Table 6) .  Throughout the  enumeration per iod,  
t he re  was a tendency f o r  the  1981 counter t o  undercount f i s h  i n  t he  middle 
sec tors  ( p r i m a r i l y  Sectors 4-9), a1 though osc i  11 oscope observat i ons 
i n d i c a t e d  t h a t  r e t u r n i n g  echoes were o f  s u f f i c i e n t  magnitude and du ra t i on  
t o  count (Table 7) .  I n  order  t o  p rov ide  t h e  most accurate est imate o f  
escapement, t he  pu lse  r e p e t i t i o n  r a t e  o f  the  counter was se t  so t h a t  f i s h  
t h a t  undercounted i n  the  middle sectors were compensated f o r  by 
overcount ing i n  o ther  sectors.  

Table 6 shows t h e  h i t  c r i t e r i a  f o r  t he  two counters. The f i x e d  c r i t e r i a  o f  
t he  1981 counter  f o l l o w  the  t h e o r e t i c a l  p a t t e r n  o f  i nc reas ing  h i t s  w i t h  
increas ing  beam width.  The h i t  c r i t e r i a  se lected f o r  the  1984 counter  were 
adjusted t o  accura te ly  r e f l e c t  f i s h  passage w i t h i n  each sector ,  a1 though 
the re  were so few f i s h  passing ou ts ide  of sec tor  6 t h a t  t h e  accuracy o f  t he  



h i t  c r i t e r i a  i n  those sectors was n o t  known. I f  one examines the  
c h a r a c t e r i s t i c s  o f  t he  beam as deployed i n  t h i s  s i t u a t i o n ,  and t h e  assumed 
bottom o r i e n t a t i o n  o f  salmon as they pass through the  beam, some f e e l i n g  
f o r  t he  accuracy o f  t he  t h e o r e t i c a l  and ac tua l  h i t  c r i t e r i a  can be gained. 

The t h e o r e t i c a l  h i t  c r i t e r i a  assumes t h a t  t he  average f i s h  passes through 
the  a x i s  o f  t h e  beam, and because the  beam increases i n  s i z e  w i t h  d is tance,  
f i s h  moving through a t  a  constant speed w i l l  remain i n  t he  beam longer  w i t h  
d is tance.  Therefore, t o  avoid m u l t i p l e  counts f o r  a  s i n g l e  f i s h ,  t h e  h i t  
c r i t e r i a  should a l so  increase w i t h  d is tance.  I f , however, t he  f i s h  does n o t  
pass through t h e  a x i s  o f  the  beam, the  h i t  c r i t e r i a  i s  dependent on how 
long  t h e  f i s h  was i n  t h e  beam, which i s  a  f u n c t i o n  o f  t he  p o i n t  o f  e n t r y  t o  
and e x i t  f rom the  beam (cord l eng th ) .  Assuming t h a t  t he  average f i s h  i s  
c l o s e l y  o r i en ted  t o  the  bottom, then the  cord l eng th  o f  f i s h  passage 
through t h e  beam w i l l  be equal t o  o r  l e s s  than the  maximum (passage through 
the  a x i s  o f  t h e  beam). If, as i n  t he  case o f  t he  Bendix counters, t he  f i s h  
passes through the  beam nearshore, i t  w i l l  pass through the  a x i s  s ince the  
beamwidth i s  approximately 4  inches and a  sockeye salmon i s  t y p i c a l l y  
g rea te r  than 4  inches i n  depth. If, however, the  f i s h  passes through the  
beam a t  i t ' s  maximum e f f e c t i v e  w id th  (Sectors 6 and 12 o f  t he  1981 counter) 
o f  approximately 2 ft, then i t  w i l l  n o t  pass through the  ax is ,  and i t ' s  
cord l e n g t h  approaches t h a t  o f  a  f i s h  en te r i ng  t h e  beam nearshore. 
Therefore, each f i s h  i s  i n  t he  beam f o r  e s s e n t i a l l y  t he  same amount o f  
t ime, and t h e  h i t  c r i t e r i a  should be e s s e n t i a l l y  equal w i t h  d is tance.  
Assuming t h a t  t h e  1984 counter c o r r e c t l y  r e f l e c t e d  processing c r i t e r i a ,  i t  
i s  apparent t h a t  t he re  i s  n e g l i g i b l e  d i f f e r e n c e  i n  h i t  c r i t e r i a  w i t h  
d is tance from shore desp i te  change i n  beamwidth. I f  t h i s  i s  t rue ,  then the  
r e s u l t  would be a  tendency t o  undercount i n  the  middle sectors o f  t he  1981 
counter.  

The above d iscuss ion  suggests t h a t  t he  presence o f  t he  a r t i f i c i a l  subs t ra te  
a l t e r e d  f i s h  behavior, and t h a t  t he  f i x e d  h i t  c r i t e r i a  r e s u l t e d  i n  
inaccura te  d i s t r i b u t i o n  in fo rmat ion ;  however, t he re  are  o ther  p o t e n t i a l  
explanat ions f o r  t he  d i f f e rences  between the  two counters. It i s  poss ib le  
t h a t  t h e r e  were na tu ra l  changes i n  t he  migra tory  pa th  o f  f i s h  pas t  the  
respec t i ve  counters, o r  t h a t  t he  presence o f  the  1981 counter  subs t ra te  and 
w e i r  a f f e c t e d  the  d i s t r i b u t i o n  o f  f i s h  upstream. The e f f e c t s  o f  c u r r e n t  on 
f i s h  passage pas t  t he  two counters i s  a l so  unknown. 

It i s ,  however, apparent t h a t  t he  f i x e d  c r i t e r i a  i s  i napp rop r ia te  f o r  
assessing f i s h  d i s t r i b u t i o n .  Regardless o f  t he  f a c t o r s  which i n f l uence  
m ig ra to ry  behavior  and d i s t r i b u t i o n ,  t he  v a r i a b l e  h i t  c r i t e r i a  f ea tu re  
present  on the  1984 counter, and adequate v i sua l  (osc i l loscope)  observat ion 
a l l ow  more accurate assessment o f  d i s t r i b u t i o n  o f  f i s h  pas t  t he  beam. 

I n  summary, t he  1984 counter o f f e r s  several advantages over t h e  1981 
counter  f o r  t he  enumeration o f  sockeye salmon i n  the  Kenai River .  
In-season maintenance o f  equipment i s  reduced w i thout  an 18-m subst ra te  t o  
c lean and move. C a l i b r a t i o n  t ime i s  a l so  reduced because f i s h  behavior i s  
no t  a l t e r e d  by t h e  presence o f  t he  substrate.  Major d i u r n a l  s h i f t s  i n  
upstream swimming speed recorded f o r  f i s h  c ross ing  the  subs t ra te  are 
s u b s t a n t i a l l y  reduced, as are adjustments i n  pulse r e p e t i t i o n  r a t e  t o  
account f o r  f i s h  d i s t r i b u t i o n  i n  t he  middle sectors.  Post-season data  



analysis is also more accurate in terms of the distribution of upstream 
migrating fish. 
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Table 1. Sonar counts and calibration data collected with the 1981 model Bendix Corp. side-scanning sonar counter on the north bank of 
the Kenai River, 1986. 

Cal i brati on Data 

Count by Sector 

Time Count Percent 
Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total Start End Sonar Scope Ajreement 

- Continued - 



Table 1. (p. 2 o f  8) 

Cal i brat i on Data 

Count by Sector 

Time Count Percent 
Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total Start  End Sonar Scope lkyement 

- Continued - 





Table 1. (p. 4 of 8) 

Cal i brat i on Data 

Count by Sector 

Time Count Percent 
Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total Start End Sonar Scope Agreement 

- Continued - 
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Table 1. (p. 6 of 8) 

Cal i brat i on Data 

Count by Sector 

Time Count Percent 
Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total Star t  End Sonar ScopeAgreement 

253 974 474 13 2 1 5 3 1  1731 2015 2018 
2019 2025 

760 1453 697 31 14 12 12 12 16 28 49 3135 2300 2303 
2327 2329 
2330 2334 
2335 2339 
2341 2347 
2358 0003 

98 460 493 27 9 8 3 4 16 21 12 1153 2101 2111 
2114 2138 
2130 2035 
2036 2041 
2042 2046 

120 622 532 19 5 3 6 2 4 12 1332 2218 2225 
2247 2251 

190 619 504 17 4 2 5 3 3 3 12 1365 2309 2313 
2315 2320 
2321 2327 
2332 2339 
2350 2355 
2359 0005 

- Continued - 



Table 1. (p. 7 of 8) 

Cal i brat i on Data 

Count by Sector 

Time Count Percent 
Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total Start  End Sonar Scope Agreement 

7 29 2200 4 55 242 23 11 4 3 10 33 42 31 458 2150 2157 47 56 8477 
2130 2140 65 64 102% 
2144 2206 117 134 8J% 

7 30 1200 1 3 22 8 2 6 1 1 3 2  36 36 148 1116 1125 14 9 1 5677 
1125 1135 5 5 1W7 

I 2200 15 145 719 679 7 3 1 13 5 11 1598 2110 2113 91 69 132% 
m 
I 

2114 2118 100 75 13Yo 
7 30 2200 2119 2122 52 53 W7 

2146 2152 101 105 96% 
2153 2158 42 43 96% 

2300 6 200 689 340 4 1 1 6 6 8 1261 2208 2213 85 84 101% 
2225 2234 141 136 104% 
2249 2300 157 110 143% 

7 30 2400 24 313 645 274 2 1 2 2 15 10 15 1303 2301 2310 107 107 loo"? 
2312 2319 118 124 95% 
2350 0002 125 89 1W7 

- Continued - 



Table 1. (p. 8 of 8) 

Cal i brat i on Data 

Count by Sector 

Time Count Percent 
Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total Start  End Sonar Scope Pgreement 

Total 1820 26917 21912 10326 438 124 162 193 201 664 697 1252 64394 
I 
_I 

% 2.8 41.8 34.0 16.0 0.7 0.2 0.3 0.3 0.3 1.0 1.1 1.9 100.0 

I 





Table 2. (p. 2 o f  5) 

Count by sector 

Cal ibrat ion data 

Time Count Percent 

Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total Star t  End Sonar Scope Agreement 

- Continued - 



Table 2. (p. 3 o f  5) 

Cal ibrat ion data 

Count by sector 

Time Count Percent 

Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total Star t  End Sonar Scope Agreement 

- Continued - 
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Table 2. (p.  5 o f  5) 

Ca l i b ra t i on  data 

Count by sector  

Time Count Percent 

Month Day Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Tota l  S t a r t  End Sonar Scope Agreement 

Total  9734 50903 5995 42 149 182 35 39 90 100 69 24 27 42 30 32 67221 



Table 3. Results of a Wilcoxen's paired sanple test using data collected with the 1981 and 1984 d e l  
Bemlix Cop. side-scanning sonar counters on the north bank of the Kenai River, 1986. 

Count f m  Count fran Percent Negative Positive 
Hour 1981model 1984model Diff(Dj) Diff. Rank signed signed 

Month Day Hour # (xlj (X2j) (Xlj-X2j) ( 1 - 1  (Dj) rank rank 

- Continued - 



Table 3. (p. 2 o f  2) 

Count fran C m t  fran Percent Negative Positive 
Hour 1981 model 1984 model D i f f  (Dj) D i f f .  Rank signed signed 

Month Day Hour # (XU (X2j) (Xl j -Xa) 1 - 1  (Dj) rank rank 

Total 64394 67221 -2827 4.2% 521 299 

n = 4 0  
T = sun o f  ranks with less frequent sign = 299 
m = n w k r  o f  ranks with less f-t sign = 16 
T' = m(n + 1) - T = 16(41) - 299 = 357 
Tabled T value: T 0.05 (2), 40 d f  = 264 



Table 4. Linear regression of counts recorded by the 1981 dl and 1984 model Bendix Corp.side-scanning 
sonar counters i n  the Kenai River, 1986. 

E x - - 6.439E-tO4 E Y - - 6.722EtO4 
mean X = 1.610E-143 mean Y = 

- 
1.681 Ei-03 

t x2 - 1.351Ei-08 E y2 - - 1.442EtO8 
(E x12/n = 1.037Ei-08 (E y 2 / n  = 1.13OEi-08 
E x2 - - 3.148Ei-07 E Y - - 3.126Ei-07 

Analysis o f  k p s s i o n  

calc r2 = 0.875 
calc r = 0.935 Table r (P < 0.05) = .310 

b = 0.932 Lawer b = 0.816 
Upper b = 1.048 

a = 1m. 131 S(Y.X(~)) = 105.155 
Lower a = -32.283 
Upper a = 392.544 

Analysis o f  Variance 

Cal c Tab1 e 
Source DF SS MS F s ta t  F s ta t  

- 
Total 40 1.442Ei-08 
Mean 1 1.13OEi-08 
Regress 1 2.734E-147 2.734Ei-07 
E m r  38 3.915E-146 1.030Ei-05 265.404 4.10 

hlys i s  o f  Slope 

1981 
Counter 

(XI 

669 
410 

1,949 
3,147 
1,512 
1,631 
1,238 

364 
695 
857 
594 

1,592 
1,514 

924 
2,128 
2,788 
3,018 
1,492 
1,667 
2,443 
2,241 
2,212 
1,576 

978 
987 

3,155 
3,829 
2,947 
1,574 
1,731 
3,135 
1,153 
1,332 
1,365 

458 
148 

1,598 
1,261 
1,303 

779 

1984 
Counter 

(Y) 

6% 
350 

1,432 
2,712 
1,758 
1,319 
1,532 

42 1 
652 
952 
697 

1,621 
1,903 
1,231 
2,329 
2,905 
3,142 
2,114 
1,211 
2,637 
2,877 
2,189 
1,569 
1,702 
1,019 
2,851 
3,241 
3,646 
1,911 
2,324 
2,764 
1,040 
1,292 
1,374 

458 
55 

1,836 
1,418 
1,374 

667 

Calc t = 16.291 Table t (P < 0.05) = 2.020 



Table 5. Chi-square analysis of change in sector distribution by counter type 
in the Kenai River, 1986. 

Sector 

1 2 3 4 Total 

1981 model counter 
observed 
expected 
devi a t  i on 
chi-square 

1984 model counter 
observed 
expected 
devi a t  i on 
chi-square 

Total chi-square 



Table 6. Proportion of f i s h  recorded f o r  concurrent  t ime periods by t h e  1981 Bendix Corp. s i d e -  
scanning sonar  counter  and an osc i l l o scope  observer  on t h e  Kenai River,  1986. 

Proportion of counts  by s e c t o r  group 

Osci 11 oscope 1981 counter  

Time 
Date (mi n) 1-3  4 - 6 7-9 10-12 1-3 4-6 7-9 10-12 



Table 7. Hit criteria and distance from shore for each of the 1 inear counting sectors of the 1981 model and 1984 nmlel Bendix Cop. side- 
scanning sonar counters used on the Kenai River, 1986 

Sector nmhr 

Distance (m) from shore t o  
end of sector (1978 counter) 3.8 5.3 6.8 8.3 9.8 11.3 12.8 14.3 15.8 17.3 18.8 20.3 

Distance (m) from shore t o  
endofsector(1984counter) 3.8 5.3 6.8 8.3 9.8 11.3 12.8 14.3 15.8 17.3 18.8 20.3 21.8 23.3 24.8 26.3 

I Hit criteria (1978 counter) 
N 

3 3 3 4 5 6 4 4 5 5 6 6 
CO 

I Hit criteria (1984 counter) 6 6 5 5 5 5 6 6 5 5 5 6 6 6 7 7 
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Figure 4 .  Approximate location of sampling equipment on  the north bank of 
the Kenai River, 1986. 
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Figure 6 .  Linear regression analysis of paired hourly data collected with the 1981 and 1984 model 
Bendix Corp. side-scanning sonar counters in the Kenai River, 1986. 
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Because the Alaska Department of Fish and Game receives federal funding, all of its 
public programs and activities are operated free from discrimination on the basis of race, 
religion, color, national origin, age, sex, or handicap. Any person who believes he or she 
has been discriminated against should write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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